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1

IMAGE PROCESSING METHOD,
CORRESPONDING IMAGE PROCESSING

APPARATUS AND ENDOSCOPE
ARRANGEMENT

INCORPORAITION BY REFERENCE

The following documents are incorporated herein by

reference as 1f fully set forth: German Patent Application
No.: 102014019584.8, filed Dec. 30, 2014.

BACKGROUND

The mvention relates to an 1mage processing method,
wherein an 1mage sequence of 1images 1s processed which in
cach case have an image content and a periphery that is
complementary to the image content, wherein the image
content 1s separated from the periphery by a separation line
that describes 1n at least one section a circle section.

Such 1mage sequences are known for example from the
use ol endoscopes with digital image capturing devices,
wherein the circle section 1s given by an edge of an optical
unit for image recording, while an extent of the entire image
1s prespecified by a dimension of an 1image recording chip.
In this way, 1images are produced which are divided by a
separation line into an 1image content and a periphery which
1s to be represented generally 1n black or otherwise without
content.

The used 1mage capturing devices frequently have an
adjustable optical unit that 1s connected upstream, by way of
which a focusing function and/or a zoom function are
realizable. The 1mage content {ills the 1mage to varying
extents 1n dependence on the setting of the adjustable optical
unit. The filling of the image can also differ 11 an optical unit
of the endoscope 1s interchanged, as 1s the case for example
in endo-couplers (endoscopic couplers).

The invention furthermore relates to an 1image processing,
apparatus having an mput via which a sequence of 1images
can be input, which have 1n each case an 1image content and
a periphery that 1s complementary to the image content,
wherein the 1mage content 1s separated from the periphery
by a separation line which describes 1n at least one section
a circle section, and having an output, via which for each
image a position indication of a center of the 1image content
that 1s defined by the circle section can be output.

The invention finally relates to an endoscope arrangement
having an endoscope and an 1mage capturing device.

SUMMARY

The mvention 1s based on the object of improving the
representation of an 1image sequence recorded with an endo-
scope arrangement.

To achieve this object, the mvention provides an image
processing method including one or more features of the
invention as described below. In particular, an 1mage pro-
cessing method of the type described 1n the introductory part
1s provided to achieve the stated object according to the
invention that for each image of the image sequence, a
position indication of a center of the image content that 1s
defined by the circle section 1s ascertained in a computer-
implemented and/or hardware-implemented, statistical
evaluation method. In the 1invention, 1t 1s generally possible
for the computer implementation to be effected by way of
appropriate programming and/or for the hardware imple-
mentation to be eflected, for example, by way of a hardware
description language such as VHDL and/or 1n an FPGA. The
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2

invention has the advantage that increased robustness can be
achieved when ascertaining the defined center of the image
content due to the use of a statistical evaluation method. This
1s because 1t has been found that the above-mentioned
separation line 1n the individual 1images describes a section
of a circle section, while not completely extending on this
circle section. The reason for this can be reflections within
the endoscope before the i1mage recording and/or dark
regions 1n the recorded image content, for example on
account of poorly lit objects 1n a hollow space. A typical
separation line therefore has deviations from the circle
section, which can vary from 1mage to 1image in the image
sequence, for example because a user moves the endoscope
and/or because the recorded object has moved. Due to the
use of the statistical evaluation method, a balancing effect 1s
achieved here, which frequently avoids large jumps of the
ascertained position indications from i1mage to 1mage.

It 1s particularly expedient if the separation line in the
images ol the image sequence describes in each case one
complete circle, such that the image content 1s 1n each case
distanced on all sides from a boundary of the image by the
periphery. The description of a circle or a circle section by
the separation line can generally be characterized by the
circle or the circle section forming an approximation or
smoothing of the separation line.

In one configuration of the invention, provision may be
made for 1n each case a value for a component of the position
indication to be calculated for a selection of rows from
positions ol intersection points of the row with the separa-
tion line 1n the statistical evaluation method. Advantageous
1s here that 1t 1s possible to ascertain row-wise in each case
a maximum extent of the image content for the selection of
rows. Therefore the value can be calculated by averaging. It
has been shown that usable values for the statistical evalu-
ation method can be obtained in this way.

Alternatively or additionally, provision may be made for
in each case a value for a component of the position
indication to be calculated for a selection of columns from
positions of intersection points of the column with the
separation line in the statistical evaluation method. It 1s
advantageous here that a second component of the position
indication can be calculated. Here, too, 1t 1s particularly
expedient if the value that i1s calculated 1in column-wise
fashion 1s calculated 1n each case by averaging from the
associated positions of the intersection points.

Is particularly expedient here 1f only those rows or
columns are selected that are intersected by the circle section
at two 1ntersection points. This 1s particularly expedient 1f
the 1mage content does not describe a complete circle, but
the associated circle form intersects an edge of the image at
least 1n one direction.

In one configuration of the invention, provision may be
made for a frequency distribution of the values that are
calculated for the selection of rows or columns to be
calculated 1n the statistical evaluation method. The calcula-
tion of a frequency distribution has proven to be a usetul
means for achieving a particularly high robustness against
fluctuations 1n the 1mage contents and/or peripheries
between the 1mages.

It 1s particularly expedient here if, for ascertaining the
position indication, the 1n each case most frequent calculated
value for the selection of rows or columns 1s used. What can
be achieved in this way 1s that outliers in individual rows or
columns, which result for example from unintended tempo-
rary darkening in the image content and/or temporary retlec-
tions 1n the periphery, can be suppressed particularly well.
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In one configuration of the mvention, provision may be
made for an intensity and/or color value histogram to be
calculated 1 computer-implemented and/or hardware-
implemented fashion for the respective image before the
statistical evaluation method. It 1s advantageous here that a
means 1s available for identitying the respective periphery of
the respective 1mage n a computer-implemented and/or
hardware-implemented fashion. This 1s because it has been
found that the peripheries 1n the recorded 1mages are char-
acterized by substantially black pixel values, while the
image contents have intensity and/or color values that devi-
ate from a black coloration.

It 1s particularly expedient here 1f the 1images are subject
to filtering, for example i1n a filtering step, belore the
calculation of the intensity and/or color value histogram. In
this way, bright 1image pixels which were produced through
noise or 1 another way can be suppressed. A homogenous
capturing of the periphery can thus be achieved.

Provision can be made, for example, for all image pixels
of an 1mage, the intensity and/or color value of which lies
under a threshold value, to be colored black. It 1s advanta-
geous here that a homogenous periphery can be generated
which can be processed particularly well 1n the statistical
evaluation method.

In one configuration of the mvention, provision may be
made for the threshold value for an 1mage segment 1n which
the respective 1mage pixel 1s located to be individually
prespecified and/or ascertained. To this end, provision can be
made for the current image to be segmented or divided into
image segments. This can be done 1n an 1mage segmenting
and histogram calculation step. The mnvention here uses the
knowledge that identical treatment of all image pixels of the
periphery 1s unfavorable 1 local reflections occur, for
example, 1n a recording endoscope. It has been shown that
such reflections are local, with the result that 1t 1s expedient
for an 1mage to be divided 1nto image segments for which 1n
cach case an individual threshold value 1s used that can be
obtained from the respective intensity and/or color value
histogram for this 1image segment. It 1s particularly expedi-
ent here 1f the image segment 1s defined by two straight lines
which intersect in the 1mage. It 1s possible i this way for
reflections 1n the peripheries which extend typically like
beams from a center to be eliminated particularly well.

In one configuration of the mvention, provision may be
made for the threshold value to be calculated from the
intensity and/or color value histogram. This can be provided
for example by an mtensity and/or color value which defines
a minimum 1in the intensity and/or color value histogram.
Thus automatic adaptation of the threshold value 1s possible.

In order to further improve the results of the statistical
evaluation method, provision may be made for an edge
detection method to be applied before the statistical evalu-
ation method for the respective image. What 1s advantageous
here 1s that the separation line can thus be enhanced, with the
result that the already mentioned values, for example, can be
determined with more accuracy.

In one configuration of the mvention, provision may be
made for a second position indication for the center to be
calculated as an average of a maximum extent and a mini-
mum extent of the image content in the row direction and in
the column direction for each image. What 1s advantageous
here 1s that a second varnable 1s provided for a plausibility
check of the calculated position indication, which 1n this
case can be referred to as a first position indication.

Provision may be made, for example, for the first position
indication to be discarded and/or for the position indication
relating to a preceding 1mage in the image sequence to be
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kept 11 1t deviates too strongly from the second position
indication. It 1s thus readily possible to 1dentily when the
statistical evaluation method has supplied unreliable values
for the position indication because of a particular recording
situation or for other reasons. Alternatively, provision may
be made to wait for or record further images 1f a deviation
between the first position indication and the second position
indication 1s too strong in order to obtain more accurate
results.

In one configuration of the invention, provision may be
made for a radius of the circle section to be calculated for
cach 1mage. What 1s advantageous here 1s that modelling of
the separation line by way of an exact circle 1s made
possible.

It 1s particularly expedient here if the radius 1s calculated
from a maximum extent and a minimum extent of the image
content in the row direction and/or in the column direction,
in particular from the already mentioned maximum extent
and the already mentioned minimum extent.

This way enables a simple method for calculating the
radius. The radius can here be calculated, for example, as
half the diameter given by the maximum extent and the
minimum extent.

In one configuration of the invention, provision may be
made to calculate a deviation of the separation line from a
circle which 1s defined by the position indication and by a
radius, 1n particular the radius that has already been men-
tioned, along the section. What 1s advantageous here 1s that
an assessment variable for assessing a quality of the statis-
tical evaluation method for the respective images can be
provided.

Provision may be made, for example, to calculate a
second deviation of the separation line from a circle which
1s defined by the position indication and the radius, which
were calculated for a preceding image in the image
sequence, along the section. What 1s advantageous here 1s
that a comparison variable can be provided with which
fluctuations of unintended strength of the radi1 and the
position indications, which are continuously calculated in
cach case for the images, are available. The previously
mentioned deviation can here be referred to as a first
deviation.

The mentioned deviations can be calculated, for example,
by integration by error squared or in other ways. It 1s
particularly expedient here 11 the position indication (calcu-
lated for the respectively current image) 1s discarded and/or
the position indication for a preceding image 1n the image
sequence 1s kept 11 the (first) deviation 1s greater than the
second deviation. In this way 1t 1s possible to avoid the
calculated values jumping or drifting randomly due to
unfavorable recording conditions.

Provision can be made here for the position indication that
1s calculated for a current image and the associated radius to
be replaced by a value pair with respect to the preceding
1mage.

In one configuration of the invention, provision may be
made for at least one 1mage editing step to be carried out for
cach 1mage, which 1image editing step processes at least the
position indication as a parameter. What 1s advantageous
here 1s that an 1mage editing step can be carried out which
takes 1nto account a size and/or a position of the image
content in the 1image.

Provision may be made here, for example, for the image
editing step to be a matching of an enlargement such that the
respective 1mage content fills the available image format
and/or 1s a centering of the respective image content. What
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1s advantageous here 1s that 1t 1s possible to achieve good
utilization of an output format, which 1s available at an
output unit.

In one configuration of the ivention, provision may be
made for further image editing steps to be additionally
carried out, for example a white balance, contrast equaliza-
tion, tonal correction, histogram matching and/or setting of
an associated optimum exposure time. What 1s advantageous
here 1s that such 1mage processing steps frequently benefit
from an arrangement of the actual image content that fills the
space to the greatest possible extent. Furthermore advanta-

geous 1s that the further image editing steps can be related

to the real 1mage content, while any 1nfluence of the periph-
ery can be suppressed or at least reduced.

To achieve the stated object, the features of the coordinate
claim that 1s directed to an 1image processing apparatus are
provided according to the invention 1n an 1mage processing,
apparatus. In an i1mage processing apparatus ol the type
described 1n the introductory part, 1t 1s thus in particular
proposed for achieving the stated object that a processing
device 1s configured and adapted for carrying out an image
processing method according to the invention, 1n particular
as previously described and/or as claimed in one of the
claims that are directed to an 1mage processing method.
What 1s advantageous here 1s that a compact processing
apparatus can be provided, which can be operated for
example with an endoscope.

It 1s particularly expedient here if the processing device 1s
realized 1n an FPGA (field programmable gate array).
Advantageous 1s here that a cost-eflective 1mage processing,
apparatus can be provided.

Alternatively or additionally, provision may be made for
an output unit to be adapted to output processed images.
What 1s advantageous here 1s that a result of the image
processing method according to the mvention for the indi-
vidual 1images can be output in real time and/or synchro-
nously with the recording of new images in the image
sequence. The processed 1mages can here be subjected to the
at least one 1mage processing step already mentioned and/or
can contain the position indication and/or the radius of the
parameter.

In order to achieve the stated object, provision 1s made
according to the invention in the endoscope arrangement of
the type described in the introductory part for an image
processing apparatus according to the invention to be con-
figured 1n particular as previously described and/or as
claimed in one of the claims for protection that are directed
to an 1mage processing apparatus. What 1s advantageous
here 1s that an endoscope arrangement 1s provided, in which

the advantages of the 1mage processing method according to
the 1nvention can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be explained 1n more detail with
reference to exemplary embodiments, but 1s not limited to
the exemplary embodiments. Further exemplary embodi-
ments can be gathered from a combination of the features of
individual or multiple claims for protection with one another
and/or with individual or multiple exemplary embodiments.

In the figures:

FIG. 1 illustrates 1n schematic representation an endo-
scope arrangement according to the invention having an
image processing apparatus according to the invention,

FIG. 2 1llustrates a flow chart of an image processing
method according to the mvention,
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FIG. 3 illustrates 1n highly simplified representation an
image sequence ol images with in each case an image
content, a separation line and a periphery,

FIG. 4 1llustrates a first segmenting of an 1mage of the
image sequence according to FIG. 3 into image segments 1n
a method according to FIG. 2,

FIG. 5 1llustrates a further segmenting of an 1mage 1n the
image sequence according to FIG. 3 into image segments 1n
a method according to FIG. 2,

FIG. 6 illustrates an intensity and/or color value histo-
gram with respect to an 1mage in the i1mage sequence
according to FIG. 3,

FIG. 7 1llustrates the calculation of a value for a horizontal
component of the position indication,

FIG. 8 illustrates the calculation of a value for a vertical
component of the position indication 1n a method according
to the invention,

FIG. 9 illustrates the calculation of a second position
indication and a radius 1 an i1mage processing method
according to the mvention,

FIG. 10 1illustrates the calculation of a deviation of a
separation line from a circle that 1s defined by the position
indication and the radius, and

FIG. 11 illustrates the calculation of a second deviation of

the separation line of an 1mage from a circle that 1s defined
by calculation values of a preceding 1mage.

(L]

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

An endoscope arrangement designated i FIG. 1 as 1
overall has an endoscope 2 and an 1mage capturing device 3
in a manner known per se. The endoscope 2 1s here 1llus-
trated as a flexible endoscope, but can also be configured as
a rigid endoscope 1n another exemplary embodiment.

The 1image capturing device 3 1s arranged 1 FIG. 1 at a
proximal end 4 of the endoscope 2. In further exemplary
embodiments, the 1image capturing device 3 can also be
arranged directly at a distal end 5, such that the endoscope
2 1n this case does not need to have any optical conductor.
The image capturing device 3 1s preferably configured as a
digital image capturing device with an image recording chip
and supplies an image sequence 8 of images 9 (1llustrated 1n
FIG. 3 by way of example) to the image processing appa-
ratus, designated as 6 overall, via an mput 7. The images 9
have 1n each case an 1mage content 10 which completely or
at least partially images a field of view of the endoscope 2
and a periphery 11 that 1s 1n each case complementary
thereto in the 1mage 9. The image 9 1s composed therefore
of 1n each case an image content 10 and a periphery 11,
which are separated from one another by a separation line
12.

The separation line 12 defines 1n a section 61 (cf. FIG. 11)
in each case a circle section 62, which 1n the case of FIG. 3
1s even a full circle, but which, in the case where the
separation line 12 intersects an edge 13 of the respective
image 9 and therefore the tull field of view 1s not completely
contained 1n the respective image 9, 1s a circle section that
1s delimited by the edge 13.

FIG. 3 shows here a stylized representation, while for
example FIGS. 7, 8, 10 and 11 show a more realistic
representation of the separation lines 12.

Means 14 for carrying out an image processing method 18
according to the mvention, which will be described 1n more
detail below with respect to FIG. 2, are configured 1n the
image processing apparatus 6, for example 1 the form of
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functional blocks of a software and/or in the form of a
specific circuitry of logic gates.

In the exemplary embodiment addressed here, the means
14 are realized in an FPGA 15. For support purposes, 1n
particular 1n more complex mathematical calculations, an
embedded microcontroller can be present here.

The calculation results of the 1image processing method 18
according to the invention and the processed images 9 of the
image sequence 8 can be output via an output 16 that is
connected to an output unit 17, for example a monitor or
another optical output unit, and/or to an external data
memory and/or an external data processing device.

FIG. 2 shows by way of example a flowchart of an 1image
processing method according to the invention that 1s desig-
nated overall as 18.

The 1mage processing method 18 according to the inven-
tion takes an 1mage 9 from the 1mage sequence 8 according,
to FIG. 3 and processes it. The image processing method 18
can here be subdivided roughly into a preparation stage 19,
a statistical evaluation method 20, a plausibility check stage

21 and an 1mage editing stage 22. Other subdivisions are
realized 1in further exemplary embodiments, or imndividual
stages are carried out 1n a different order.

After the image processing method 18 1s complete, 1t 1s
carried out again for the next image 9 1n the 1mage sequence

8.

The statistical evaluation method 20 in the image pro-
cessing method 18 according to the mvention supplies here
as the calculation result of the computer-implemented and/or
hardware-implemented, fully automatic calculation for each
input image 9 1n the 1image sequence 8 a position indication
23 for the center 24 of the circle or circle section 62 that 1s
described by the separation line 12 1n each image 9. This
center 24 at the same time forms the center of the respective
image content 10.

In the preparation stage 19, the respective image 9 1s first
filtered 1n a filtering step 235 to increase 1n each case the
homogeneity of the possibly noisy peripheries 11.

In an 1mage segmenting and histogram calculation step
26, the current 1mage 9 1s subsequently divided into 1image
segments 27 which are defined and separated from one
another 1n each case by lines 28.

FIG. 4 here 1llustrates an 1mage segmenting of an 1image
9 1nto four 1mage segments 27 by way of two crossing lines
28. FIG. 5 1llustrates an image segmenting of an image 9 into
cight image segments 27 which are defined by four crossing
lines 28.

For each of these image segments 27, subsequently an
intensity and/or color value histogram 29, 1llustrated by way
of example 1n FIG. 6, 1s calculated 1n a manner known per
Se.

On the x axis, the histogram 29 shows the intensity and/or
color value, which can lie for example between a value “b”
for black and a value “w” for white. Other color values can
also be used. Plotted on the y-axis 1s the frequency with
which the respective intensity and/or color value occurs in
the 1mage segment 27 or in the 1image 9.

Clearly recognizable in the intensity and/or color value
histogram 29 1s a threshold value 30, which separates the
dark region of the periphery 11 from the comparatively light
region of the image content 10. This threshold value 30 can
be found for each mmage segment 27 in computer-imple-
mented and/or hardware-implemented fashion for example
by comparing a drop in the frequency distribution with
plateaus which are given by the periphery 11 or the image
content 10 to the left and right of the threshold value 30.
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As a result, an intensity and/or color value histogram 29
has thus been obtained which 1s composed of different
intensity and/or color value histograms for each image
segment 27.

In the 1mage 9, all image pixels, the intensity and/or color
value of which lies under the threshold value 30, are then
colored 1n a uniform black. This is carried out for each image
segment 27 of the image 9 with an individually determined
threshold value 30.

As a result, an 1mage 9 1s obtained in which the periphery
11 has a uniform intensity and/or color value black.

For this intermediate result 31, edge detection 1s carried
out 1n an edge detection step 32 1n order, 1n a manner known
per se, to more clearly represent and to emphasize the
separation line 12, which delimits the periphery 11, which 1s
now uniformly colored, with respect to the image content
10.

In a component ascertainment step 33, according to FIG.
7, for each row 34 or a specified selection of rows 34, 1n each
case the 1ntersection points 35 and 36 of the row 34 with the
separation line 12 are ascertained. For each row 34 that has
been processed, a value for the horizontal component 37 of
the position indication 23 1s thus obtained as an average of
the positions of the intersection points 35 and 36.

For these values, a frequency distribution across all (se-
lected) rows 34 1s established. The horizontal component of
the position indication 23 1s obtained as the most frequent
value 1n the frequency distribution.

Likewise, for all or selected columns 38 according to FIG.
8 1n cach case the intersection points 39 and 40 of the
respective column 38 with the separation line 12 are ascer-
tamned. For each (selected) column 38, a value for the
vertical component 41 1s then calculated as an average of the
positions of the intersection points 39, 40 of the column. For
these values, a frequency distribution over all (selected)
columns 38 is established, and the vertical component 41 of
the position indication 23 1s obtained as the most frequent
value 1n the frequency distribution.

After the component ascertainment step 33, the position
indication 23 has thus been obtained.

In an alternative, a second position indication 43 accord-
ing to FIG. 9 1s ascertained in an 1mage content recognition
step 42 as follows. First, a mmimum extent 44 and a
maximum extent 45 of the image content 10 1n the horizontal
direction are ascertained. The horizontal component 48 1s
obtained as an average of the minimum (horizontal) extent
44 and the maximum (horizontal) extent 45 i1n the row
direction. A vertical component 49 of the second position
indication 43 1s ascertained 1n a similar way. This 1s obtained
as an average of the mimimum (vertical) extent 46 and the
maximum (vertical) extent 47 in the column direction.

In the 1mage processing apparatus 6, a limit value 1s fixed
which 1s compared to the difference between the first posi-
tion 1indication 23 and the second position indication 43. IT
the difference exceeds the limit value 1n terms of amount, the
first position indication 23 1s discarded, or the first position
indication 23 that was determined 1n relation to the preced-
ing 1mage 9 1s kept. In this case, the more accurate position
indication 23 does not deviate from the roughly approxi-
mated second position indication 43 so much that there
could be doubt as to the quality of the statistical evaluation
method 20. However, 1f the limit value 1s not exceeded, the
position indication 23 1s kept.

In a radius ascertainment step 30, according to FI1G. 9, the
radius of a circle 52 1s then calculated as half the difference
between the minimum extent 44 and the maximum extent
435. It has proven expedient here to carry out this calculation
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for the extents 1n the column direction 1f the 1images 9 are 1n
the landscape format, and to use the extents in the column

direction for the calculation 1f the 1mages 9 are 1n the portrait
format.

As a result, an 1image 9 has been obtained, in which the
separation line 12 1s represented 1n emphasized fashion, and
which additionally contains a circle 53 (or a circle section 62
if the 1mage content 10 1s cut off by the edge 13), which 1s
given by the radius 351 of the circle 52 and the position
indication 23 as a center point or center 24.

According to FIG. 10, a deviation 54 between the circle
53 (or circle section 62) and the separation line 12 at least
along the section 61 1s calculated by integration of error
squared.

This 1s done 1 a check step 55. The deviation 54 1s
compared to a deviation 56 which 1s obtained analogously
according to FIG. 11 between the separation line 12 of the
current 1mage 9 and a circle 57, which 1s formed from a
temporarily stored position indication 38 that corresponds to
the position idication 23 for a preceding image 9 and a
radius 39 that corresponds to a radius 51 relating to a
preceding image 9.

If the deviation 54 1s smaller than the deviation 56, the
currently calculated position indication 23 and the currently
calculated radius 51 are accepted and temporarily stored as
position 1ndication 58 and radius 59.

If the deviation 56 1s smaller than the deviation 54, as 1s
represented by way of example i FIGS. 10 and 11, the
currently calculated position indication 23 and the currently
calculated radius 51 are discarded, and the previously cal-
culated values for the position indication 38 and the radius
59 are used or kept.

It 1s clear that the separation line 12 1 a section 61
describes a circle section 62 of the circle 57, in this case even
the full circle 57.

In an 1mage editing step 60 of the image editing stage 22,
the currently calculated values or the values kept from a
preceding 1mage 9 for the position indication 23 and the
radius 51 are then used to enlarge the 1mage content 10 or
to scale and center 1t such that an 1mage format provided by
the 1mage 9 1s utilized 1f possible completely.

In the image processing method 18, 1n a completely
computer-implemented and/or hardware-implemented sta-
tistical evaluation method 20, 1n each case a position 1ndi-
cation 23 of a center 24 of the image content 10 of the
individual images 9 1s calculated for 1images 9 1n an image
sequence 8, wherein the center 24 1s defined by a circle
section 62 which 1s described or characterized by a separa-
tion line 12 between the image content 10 and a periphery
11 that 1s supplementary to the image content 10 in the
image 9 or complementary therewith.
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14 means
15 FPGA (1f appropriate with embedded microcontroller)
16 output
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18 1image processing method
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21 plausibility check stage

22 1mage editing stage

23 position indication

24 center

25 filtering step

26 1mage segmenting and histogram calculation step
27 1mage segment
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29 1ntensity and/or color value histogram
30 threshold value

31 intermediate result

32 edge detection step

33 component ascertainment step
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42 1mage content recognition step
43 second position mndication
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45 maximum extent
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51 radius

52
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54 deviation
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56 deviation

57 circle
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59 radius

60 1mage editing step
61 section

62 circle section

The mmvention claimed 1s:

1. An image processing method (18), comprising:

processing an 1mage sequence (8) of images (9) which 1n
cach case have an 1image content (10) and a periphery
(11) that 1s complementary to the 1image content (10),

separating the image content (10) from the periphery (11)
by a separation line (12) that describes in at least a
section (61) a circle section (62),

for each of the images (9) in the 1image sequence (8),
ascertaining a position indication (23) of a center (24)
of the image content (10) that 1s defined by the circle
section (62) 1n at least one of a computer-implemented
or hardware-implemented statistical evaluation method
(20), and

carrying out at least one 1image editing step (60) for each
said 1mage (9) that processes at least the position
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indication (23) as a parameter, and centering the

respective image content (10) 1n the image editing step
(60).

2. The image processing method (18) as claimed 1n claim

1, further comprising 1n each case calculating a value for a

component (37, 41) of the position indication for a selection

of rows (34) or columns (38) from positions of intersection

points (35, 36, 39, 40) of the row (34) or the column (38)

with the separation line (12) in the statistical evaluation

method (20).

3. The image processing method (18) as claimed in claim
2, further comprising selecting only the rows (34) or the
columns (38) that are intersected by the circle section at two
intersection points (33, 36, 39, 40).

4. The image processing method (18) as claimed 1n claim
2, further comprising calculating a frequency distribution of
the values that are calculated for the selection of the rows
(34) or the columns (38) in the statistical evaluation method
(20).

5. The 1image processing method (18) as claimed in claim
4, further comprising for ascertaining the position indication
(23), using the 1n each case most frequent calculated value
tor the selection of the rows (34) or the columns (38).

6. The 1image processing method (18) as claimed 1n claim
1, further comprising calculating at least one of an intensity
or color value histogram (29) in at least one of computer-
implemented or hardware-implemented fashion for the
respective 1image (9) before the statistical evaluation method
(20).

7. The 1image processing method (18) as claimed in claim
6, further comprising coloring all image pixels of the 1mage
(9), at least one of an intensity or color value of which lies
under a threshold value (30), black.

8. The image processing method (18) as claimed in claim
7, wherein the threshold value (30) for an 1mage segment
(27) in which the respective image pixel 1s located, 1s
individually prespecified or ascertained.

9. The image processing method (18) as claimed 1n claim
8, wherein the 1mage segment (27) 1s defined by two lines
(28) that cross in the 1mage (9) or wherein the threshold
value (30) 1s calculated from at least one of the intensity or
color value histogram (29), or both.

10. The image processing method (18) as claimed 1n claim
1, further comprising applying an edge detection method
(32) before the statistical evaluation method (20) for the
respective 1mage (9).

11. The image processing method (18) as claimed 1n claim
1, further comprising calculating a second position 1ndica-
tion (43) for the center (24) as an average of a maximum
extent (45, 47) and a mimimum extent (44, 46) of the image
content (10) 1n a row direction and 1n a column direction for
cach image (9), and the position indication (23) 1s discarded
or the position indication (23) relating to a preceding 1image
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(9) 1n the 1mage sequence (8) i1s kept 1f 1t deviates too
strongly from the second position indication (43).

12. The image processing method (18) as claimed 1n claim
1, further comprising calculating a radius (31) of the circle
section (62) for each of the images (9), with the radius (51)
being calculated from a maximum extent (45, 47) and a
minimum extent (44, 46) of the image content (10) in the
row direction or 1n the column direction, or both.

13. The image processing method (18) as claimed 1n claim
12, further comprising calculating a deviation (36) of the
separation line (12) from a circle (33) which 1s defined by
the position indication (23) and the radius (51) along the

section (61).
14. The image processing method (18) as claimed 1n claim
13, further comprising calculating a second deviation (56) of
the separation line (12) from a circle (57) which 1s defined
by the position indication (58) and the radius (89), which
were calculated for a preceding image (9) in the image
sequence (8), along the section (61), wherein the position
indication (23) 1s discarded or the position indication (23)
for a preceding 1mage (9) 1n the 1image sequence (8) 1s kept
if the deviation (54) 1s greater than the second deviation
(56).
15. The image processing method (18) as claimed 1n claim
1, further comprising carrying out a further image editing
step (60) for each of the images (9), with the further image
editing step (60) including a matching of an enlargement
such that the respective image content (10) fills an available
image format.
16. An 1mage processing apparatus (6), comprising:
an mput (7), via which an 1image sequence (8) of 1mages
(9) having in each case an 1image content (10) and a
periphery (11) that 1s complementary to the image
content (10), wherein the image content (10) 15 sepa-
rated from the periphery (11) by a separation line (12)
which 1n at least a section (61) describes a circle section
(62), 1s 1nput,

an output (16) via which a position indication (23) of a
center (24) of the image content (10) that 1s defined by
the circle section (62) can be output for each image (9),
and

a processing device (14) configured and adapted for

carrying out an image processing method (18) as
claimed 1n claim 1.

17. The 1mage processing apparatus (6) as claimed in
claim 16, wherein the processing device (14) are realized 1n
an FPGA (15) and/or wherein an output umt (17) 1s adapted
to output processed 1mages.

18. An endoscope arrangement (1) having an endoscope
(2), an 1mage capturing device (3) connected to the endo-
scope to capture an 1image from a distal end of the endo-
scope, the 1image processing device signaling an input to an
image processing apparatus (6) as claimed in claim 16.
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